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[57] ~ ABSTRACT

The sublrngatlon of soil in a container for container-
- grown plants is accomplished upwardly through-an
opening in the container bottom by placing the con-
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tainer on the upper surface of a capillary sheet in the
form of a sheet wettable plastic having a multiplicity of
capillary openings therein and by disposing the capil-
lary sheet so that its undersurface directly overlies in
unbonded face-to-face contacting relation an essentially
continuous and substantially smooth wettable surface
presented by a substantially flat member comprised in a
support bed for the container as, for example, by a sheet
of plastic overlying a substantially rigid member or by a
substantially rigid slab comprised in the support bed and
feeding an aqueous liquid into the interface between
said surfaces as through feeder tubes by gravity or by
capillary travel from a reservoir disposed below the
interface, whereby the so fed aqueous liquid becomes

 distributed by capillary action to any portion of the

capillary sheet directly underlying a plant container
resting thereon and then upwardly through the open-
ings in the capillary sheet and into the soil in the con-
tainer. Other features relate to a duplex supporting tray
for plant containers to be irrigated that comprises an
upper tray on which plants may be irrigated as de-
scribed above and a lower tray into which liquid may
drain from the upper tray and from which, when re-
quired, liquid may be drawn upwardly by a capillary
wicking action to 1rr1gate soil in containers supported
by the upper tray

24 Clainis, 9 Drawing Figures

'W///)/Wlfllllllllllllllllll _

H
||
1
)
|
1
H
e
I

OA

T T T . . T — —
| |
1 s
“‘F““‘- - —



4211,037

Sheet 1 of 2

U.S. Patent j5ul 8, 1980

T 7777777 70T T T T Ty

I

/

, ;
“ _ -M f. . _ f
. 2 _ \\o

e - i
“— A—
lli—

T -
¢ ekl — Tt W ¢ el = gl oF R e - AT = ST - . - % EEE. SN SE——-

=T VA F T = _

° o T g

| ml?lp

-III

lilr rr ES T T ST ST . B i
L L il - - — -
——

M 7 A S S S S S S S A
Illj i\. - ._‘_ -
l\ | -
.._1.____




U.S. Patent 7ul 8, 1980 Sheet 2 of 2 4,211,037

)  T——— @ S SR ———— kel 2 alaas 0
_— @ e  dey s e, @ S g0 ey

&'Illlllllllﬂllllllnm

l”l”l’l ""  / / /J
3( J




4,211,037

CONTAINER-GROWN PLANTS

F IELD OF THE INVENTION

Thns mvention relates to the lrrlgatmn of soil or other
growing medium for plants and relates more especially
to the irrigation of bodies of soil in conventional plant
containers therefor appropriate for plant culture in
greenhouses, florist shops, residences, offices and the
like.

BACKGROUNDI OF THE INVENTION

The proper irrigation of soil or other plant growing
medium is important in achieving optimal conditions for
successful plant culture. In my U.S. Pat. Nos. 3,220,144
and 3,193,970 apparatus is disclosed for providing con-
trol and regulation of water appropriate in the case of a
single plant. In my U.S. Pat. No. 3,778,928 an irrigation
system is disclosed appropriate for controlling irriga-
tion to a plurality of plants in individual containers
disposed on a common support such as a bench used in
a greenhouse. In my U.S. Pat. No. 4,001,968 I disclose a

'METHOD AND APPARATUS FOR IRRIGATING N
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further improvement in a system for the subirrigation of 25

soil in plant containers characterized by the employ-
ment of a capillary sheet having a multiplicity of sub-
stantially evenly spaced capillary openings therein
overlying a water receptive material which preferably
is in the form of the silica sand catalyst sheet that is
more particularly described in said U.S. Pat. No.
4,001,968 and that is characterized by a plastic sheet
having an adherent continuous coating approximately 1
grain in thickness of silica sand particles essentially in
the range from about 0.002 mm to about 0.25 mm that
are interspersed with a network of capillary spaces
conducive to lateral spreading of water therealong.
Conditions providing excellent results in accomplishing
subirrigation are afforded by the method and means

disclosed in my U.S. Pat. No. 4,001,968. However, in

order to attain the advantage of the silica sand catalyst
sheet described in my patent the sheet must be manu-
factured by the application of the silica sand particles to
an adhesive surface presented by a plastic sheet. This
requires the use of apparatus appropriate for the pur-
pose and the supply of silica sand particles having the
requisite dimensional characteristics. Accordingly, the
silica sand catalyst sheet contributes significantly to the
overall expense of an installation utilizing and compris-
ing the subirrigation system disclosed in my U S. Pat.
No. 4,001,968.

It is an object of this invention to provide a subirriga-
tion system and method which successfully provides
water to soil in plant containers resting on the capillary
sheet hereinabove referred to without the employment
of the silica sand catalyst sheet for accomplishing capil-
lary travel under the capillary sheet into the area of the
capillary sheet in contact with the bottom of a plant

container. |
It is a further object of this invention to provide a

subirrigation system which can be successfully em-
- ployed and which may be afforded without the expense
incident to the preliminary formation of the sﬂlca sand

catalyst sheet. -
Further objects of this invention relate to the provi-

sion of an improved tray for supporting plant containers

for accomplishing subirrigation- which utilizes the im-
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provement of this invention -and also is of improved
dual bottom construction.

GENERAL STATEMENT OF THE INVENTION

Asa result of my continuing research activities I have
found that the aforesaid objectives of this invention may

be realized in a surprising manner merely by introduc-

ing an aqueous liquid into the interface between the
undersurface of a capillary sheet of the character afore-
said that presents a wetable undersurface and an essen-
tially continuous and a substantially smooth wettable
surface presented by a support bed for supporting plant
containers to be irrigated such as the surface presented
by a conventional sheet of plastic or by the surface of a
rigid supporting bed. In the latter case all that is re-
quired is to spread the capillary sheet directly over the
smooth surface of the underlying rigid bed. The water
may be water as conventionally available or may con-
tain a suitable amount of plant nutrient. Hereinafter and
in the claims the aqueous liquid is referred to as water
with the understanding that the water may contain
plant nutrients. When the undersurface of the capillary
sheet and the surface presented by the support bed are
in face-to-face unbonded contacting relation and are
wettable with the water 1 have found that the water
becomes laterally distributed about the interface be-
tween them by capillary action in an amount that is
amply sufficient to provide the necessary moisture for
soil contained in a plant container which rests on the
capillary sheet. Of course, the plant container should
have at least one opening in the bottom thereof such as
the usual drain opening that is conventionally employed
in containers for soil in which plants may be grown.
Water may be fed into the interface from a reservoir

which is at a level above the level of the support bed.
Moreover, if the aforesaid interface is in communication

with a wick extending down into an underlying water

reservoir water becomes carried upwardly into and
throughout said interface and then travels through the
capillary openings underlying the bottom of a plant
container resting on the capillary sheet followed by
continued upward travel into the soil. In order to pro-
vide communication between the upper surface of the

‘capillary sheet and soil in the container that rests on the

capillary sheet, one can employ a length of wick mate-
rial which passes through an opening in the bottom of
the container so as to make contact with the upper

surface of the capillary sheet and extends a substantial

distance up into the soil in the container. Preferably this
wick is made of the above-mentioned silica sand cata-
lyst sheet which is fashioned so that the silica sand
catalyst sheet will be in direct contact with the upper
surface of the capillary sheet and extend therefrom up
into the soil in the plant container since the silica sand
catalyst sheet exercises a very desirable and effective
wicking action. While a wick may be employed I have
also found that if the bottom of the container is flat so
that substantially the entire area of the bottom of the
container is in direct contact with the capillary sheet
moisture will effectively migrate from the capillary
sheet up into soil in the container even though no wwk
1s employed.

This invention is excellently adapted for use by pro-
fessional growers in greenhouses where the benches for
growing potted plants are of substantial size. Since the
plant supporting bed comprised in a greenhouse bench

~ usually is somewhat even the smooth upper surface

presented by the support bed is provided by a sheet of
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wettable plastic that 1s spread over the suPpert bed of .
the greenhouse bench. The plastic capillary sheet is
then spread over the top of the continuous sheet of .
plastic and suitable means is provided for gradually

feedmg water into the interface between the two sheets.
It is an additional feature of this invention that when

a subirrigation system is afforded in the manner de-

scribed any excess water may be taken off through a
drain line and recirculated to a sump from which it may
be pumped back into a reservoir for supplying water
into the region of the interface between the two sheets.
By this measure the amount of water is very substan-
tially reduced since the amount of makeup water that is
required from an outside source is relatively small. The
simplicity of the construction is such that the support
bed used for supporting the potted plants in green-
houses may be of any convenient: size. Thus while the
support bed may be only 3 or 4 feet wide and 6 feet long
it also is possible to provide a support bed of substan-
tially greater extent such as several hundred feet from
end-to-end and about 6 feet or more wide. In such case
a plurality of feed lines may be provided for feeding
liquid at appropriate intervals into the 1nterface under-
lying the capillary sheet. | S
Installations embodying the present invention that
have been used in major experimental installations have
been found to be extremely successful in the growing of
a number of different plants including not only flower-
ing plants such as poinsettias, roses and the like, but also
garden plants such as tomato plants. Considerable diffi-
culty has been experienced in the past in producing
greenhouse grown tomatoes which have the desirable
characteristics of outdoor grown tomatoes. By use of
the subirrigation system of this invention tomato plants
have been grown that have produced an abundance of
tomatoes which are eomparable to these produced by
outdoor grown plants. | - -
While this invention is highly desirable for use in
greenhouses, it also lends itself' to’ the provision of
smaller trays used for supporting potted plants that may
be used in residences and in small conservatories such as
those used for growing plants as a hobby. Certain fea-
tures of this invention relate to the construction of such
trays. In the case of a relatively small size tray the inter-
face into which the water is supplied may be provided
between the undersurface of the capillary sheet and a
smooth wettable surface presented by the rigid substan-

4
smoeth wettable plastic or, preferably, the upper wetta-
ble surface of the rlgld slab- comprised in the tray bot-.

‘tom from a reservoir: from which water may be gradu-

~ ally fed so to flow into the interface for lateral distribu-

3

tion with drainage of any excess water into the underly-

ing tray which serves as a second reservoir. When the

water in the ﬁrst reéservoir is exhausted water frem the

~ second reservoir prowded by the underlymg tray 1s fed
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back up into the interface by the use of a wicking means
which preferably is in the form of a piece of the silica
sand catalyst sheet, e.g., in thé form of a tube whleh
extends from the aforesaid interface to the bottom of the
underlying tray. However, any other conventional
wicking materials such that commonly are sold with pot
and saucer combinations for house plants may be em-
ployed. When this construction is employed, it is possi-
ble to introduce water initially into the underlymg tray.
However, it is preferable that the water be initially
supplied from a reservoir so that it will feed by gravity
into the interface with an excess draining into the lower
tray as hereinabove described. - '
“As described in my U.S. Pat. No. 4,001,968, the capll-
lary sheet that is used is one that is impervious to mois-
ture and that preferably1s opaque and comprises a mul-
tiplicity of openings for capillary flow therethrough as
described more fully in said patent. The material out of
which the capillary sheet may be made is also fully
described in my U.S. Pat. No. 4,001,968 and as de-
scribed in said patent ordinarily is in the form of poly-
ethylene sheet material such as that which is conven-
tionally available in- the form of a continuous sheet. The
thickness of the sheet material is not critical. Thus good
results are obtained from the use of individual sheets the
thickness of which is of the order of 14 mils, or 2 mils,
Undesirable growth of algae 1s minimized by using a

- capillary sheet that is opaque. In the usual case it is
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tially flat tray bottom. A relatively small tray appropri-

ate’ for growing potted plants, unlike a greenhouse
bench, may be produced with a substantially continuous
and smooth upper surface which is wettable and which
may directly underlie the capillary sheet. In such case
water fed into the interface between the capillary sheet
and the upper surface of the rigid tray bottom will be-
come distributed laterally as hereinabove described for
accomplishing irrigation of the potted plants by travel

ll

55

through the capillary openings and thenee mto the sml |

in the plant container. - C

It is a further feature of this mventlon that a tray
essentially as herein described may be‘used in combina-
tion with an underlying tray which supports the upper

60

tray with its undersurface in adjacent spaced relation to

the upper surface of the lower tray so as to provide a
duplex tray. When this combination is employed water
may be introduced into the interface between the under-
surface of the capillary sheet and the supporting surface

comprised in the upper tray which supporting surface

may be presented either by a‘sheet of substantially

65

black. The capillary openings may be produced by
passing the plastic sheet from an unwind roll to a wind-
up roll between which there is a pair of rolls that the
sheet passes between, one.of the rolls presenting a multi-
pllClty of projecting prongs and the other roll present-
ing a yieldable surface such that the prongs may pass
through the sheet material and may be withdrawn again
during travel of the sheet through the nip between the
rolls. Capillary openings having desirable functional

_utility for capillary flow may be produced by using

prongs the diameters of which are about 0.045 inch. The
spacings between openings in the capillary sheet for all
practical purposes are regularly or evenly spaced ap-
proximately 4 inch apart. During the process of making
the capillary holes the prongs will rip holes larger than

- 0.045 inch but resealing under use will reduce their size

to apprommately 0.045 inch. The spacing of about 3
inch is ordlnanly employed and the plastlc sheet 1S
about 1.5 mils in thickness. In the case of sheets’ of
grester thlckness the holes may be more closely spaced
SO as to run about } to } inch from each other on the
average or somewhat greater than 3 inch for use with
large plants.. The diameter of the capillary openings in
the capillary sheet may vary considerably but essen-
tially sheuld be in the range from about 0.05 to about
0.15 inch. | |
As descr_lbed more fully in my U.S. Pat.” No.
4,001,968 the silica sand catalyst sheet material ‘when
used preferably is made utilizing a vinyl base sheet. By
applying a conventional solvent to the surface of the
vinyl sheet it can be rendered sufficiently sticky before - -
the solvent evapaorates to cause the silica sand to adhere
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“thereto as a thin layer. Alternatively a polyethylene
sheet may be used and by applying a conventional wa-
ter-resistant adhesive that is sticky prior to drying the
sand particles can be caused by stick thereto. As afore-
said the silica sand is applied as a thin coating with the
sand particles sufficiently closely spaced to provide a
network of capillary spaces conducive to lateral spread
of water therealong. If the sand layer is substantially
thicker than single grain thickness, the sand tends to
hold water in a form that may be likened to an absor-
bant gel which is undesirable as tending to the creation
of anaerobic conditions. When the silica sand is essen-
tially of the order of a single grain in thickness the
conditions are very favorable to the maintenance of
aerobic conditions. Preferably the sand that is employed
is one which is somewhat windblown and of the size
hereinabove mentioned.

In those modifications of this invention wherein a
silica sand catalyst sheet is used, as for example a wick
because of its wicking action, this is regarded as desir-
able inasmuch as the silica sand catalyst is believed to
exercise a catalytic effect in stimulating plant growth
when moisture containing nutrient is exposed thereto in
its travel to the roots of a growing plant. It is one of the
advantages of this invention that it lends itself very well
to the supply of a plant nutrient contained in the water
that is used for supplying moisture since the water is
taken up from the bottom into the plant container and
the plant nutrient therein is efficiently used without risk
of washing it out of the container as is the case when the
soil in the plant container is watered from the upper
surface. This preferable utilization of nutrient also may
be realized by the use of wicks made from other materi-
als but for the reasons abovementioned when a wicking
~ action is utilized it is preferable that the wicking action

be accomplished by the use of the silica sand catalyst
sheet which can be used double to get good contacts
from capillary sheet to soil in container.

Further purposes, features and advantages as well as
more detailed descriptions are set forth hereinafter in
connection with the accompanying drawings which are
intended to be illustrative of the practice of this inven-
tion without, however, limiting the scope of this inven-
tion, wherein,

FIG. 1 is a perspective view of an irrigation system

embodying this invention wherein the support bed for
the plant containers is provided by a greenhouse bench
or pallet;

FIG. 2 is a sectional elevation of the system shown in
FIG. 1 on an enlarged scale and w1th an intermediate
portion thereof broken away;

FIG. 3 is a sectional elevation illustrating the employ-
ment of this invention as embodied in a duplex tray for
use in cultivating container-grown plants, a central
portion of the tray being broken away;

FIG. 4 is a sectional elevation showing an end portion
of a duplex tray which is similar to that shown in FIG.
3 but which is illustrative of a different embodiment of
the invention;

FIG. 5 is similar to FIG. 4 and illustrates a still fur-
ther embodiment;

FIG. 6 is 2 view from below of the bottom of the flat
bottom plant container shown in FIG. §;

FIG. 7 is a perspective view of the silica sand capil-
lary sheet used as a wick in one type of plant container,
the capillary sheet is either doubled or sanded on both
sides to provide contact; |
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FIG. 8 is a perspective view of the sﬂlca sand catalyst
wick used in the duplex tray of FIGS. 3, 4 and 5; and
FIG. 9 1s a sectlonal elevatlon of another embodl-
mernt. :
With partlcular reference to F IGS 1 and 2a support
bed for contalner-grown plants is shown in the form of
a pallet which is indicated generally by the reference
character 10. By way of example the pallet may be in
the form of a panel of § inch all weather plywood 11
which, if desired, may be provided with stiffening strips
underneath (not shown). A sheet of conventional poly-
ethylene plastic 12 is spread over the upper surface of
the pallet or panel 10. The polyethylene sheet may be
from about 0.004 to about 0.006 mils in thickness and
preferably is substantially opaque. Such sheets of poly-
ethylene are commonly manufactured in the form of a
continuous roll. The surface of the sheet is substantially
smooth and the material is such that the surface is wetta-
ble. In other words when moistened with water the
water tends to wet the surface as distinguished from
being repelled from the surface as would be the case 1f
the surface of the sheet were to be covered with a film
of oil. After the sheet of polyethylene plastic has been
spread over the surface of the pallet a support bed is
thereby provided wherein its upper surface i1s the
smooth wettable surface of the plastic sheet that rests on
the underlying substantially rigid slab of plywood or
other structural material. This essentially oontlnuous
sheet of plastic preferably is opaque. |

The capillary sheet 13 is next spread over the surface
of the plastic sheet 12 with its undersurface-in unbound

~ direct face-to-face contact with the upper surface of the
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sheet 12. The surfaces of the capillary sheet also are
wettable. Water may be fed into the interface between
these two sheets in any desirable way. In the illustrative
embodiment shown, a body of water 14 in a reservoir 18§
is taken therefrom by a conduit 16 with which leader
tubes 17 are connected at appropriate intervals for feed-
ing water gradually into the interface between the two

sheets. While in FIGS. 1 and 2 a pallet is shown which

may be of the order of 3 or 4 feet X8 feet, it is to be
understood that there may be a succession of contacting
support pallets or, alternatively, there may be one con-
tinuous bench which may be of extensive extent and
which at appropriate intervals can be fed with water’
from extensions of the conduit-16 havmg leader tubes 17
commumcatlng therewith. |

While the irrigation system may be employed merely
by introduction of water into the interface between the
continuous plastic sheet and the overlying capillary
sheet under conditions such that any water is merely
drained onto the ground, it is a further feature of this'
invention that the supply of water may be conserved by
providing drain means as shown by the drain line 18.
While only one drain line is shown in the drawing, it is
to be understood that depending on the extent of the
support bed additional drain lines may be provided at
appropriate intervals. To assist the flow of any excess
water into the drain line the margin of the support-bed

‘preferably is provided with a border strip 19 which, for

example, may be about } inch in thickness and about 1

inch in width. For the purpose of conserving the supply
of water, particularly when it is regarded as advanta-

- geous to fortify the water that is used with a small

65

amount of plant nutrient, the drained- water may be
directed into the sump 20 through the line 20A. The
sump is provided with a pump 21 which when neces-
sary becomes effective to pump the water through the
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return duct 22 for re-introduction into the reservoir 15.
Of course, a certain amount of the water is taken up into
the plant containers and by evaporation is taken up by
plants growing therein with the result that a certain
amount of makeup water is supplied to the water in the
reservoir 15 as, for example, by the use of a float valve
23 which controls the inflow of fresh water from the
supply line 24. It is a standard practice to chemically
reconstruct recycling drainage to plants’ requirement.

As shown particularly to FIG. 1 and also in FIG. 2,
containers in which plants are being grown may be
placed in any position on the upper surface of the capil-
lary sheet. It has been found as a result of repeated
experimental tests that in such case the water will travel
laterally by capillary action between the two sheets to
those areas of the capillary sheet which make contact
with the bottom of the several plant containers. In those
areas the water has been found to travel upwardly
through the openings of the capillary sheet and into the
soil in the container so as to supply the root system of a
plant being grown in the container with an adequate
supply of moisture under conditions such that the sup-
ply of water is regulated in a controlled manner.

It is apparent from the foregoing that subirrigation
plant supports suitable for use in greenhouses can be
provided in a very inexpensive manner when employing
the improvements of the present invention. All that is
required 1s a substantially flat support bed of one kind or
another and the spreading of the continuous plastic
sheet so as to underlie the capillary sheet. In order to
assure the most effective lateral capillary distribution it
is especially important that the underlying continuous
plastic sheet presenting the smooth surface be essen-
tially continuous. After the support bed has been pro-
vided in the manner described then means, such as that
hereinabove described, may be provided to feed water
into the interface between the two sheets for supplying
moisture to plant containers which are supported by the
support bed provided in the manner described.

In order to provide effective transmission of water
from the upper surface of the capillary sheet through an
opening in the bottom of a plant container the bottom of
the plant container may be made in either of two ways
as 1s illustrated more particularly in connection with
FIGS. 3, 4 and § which are to be described. If the plant
container is one which has projections from the bottom
so as to make poor contact with the capillary sheet, then
it is desirable to provide a wick which contacts the
capillary sheet and extends upwardly through an open-
ing in the bottom of the container into soil within the
container. On the other hand, if the bottom of the plant
container is flat so as to make good contact throughout
with the capillary sheet, then the employment of a wick
IS unnecessary.

FIG. 3 illustrates that embodiment of this invention
which comprises a duplex supporting tray. The use of
such a supporting tray is particularly advantageous
when this invention is employed on a small scale for
growing potted plants in residences and conservatories
by those who grow plants in laboratory research and as
a hobby. The trays may be of any desired dimension but
ordinarily do not exceed dimensions which would make
handling of the trays inconvenient. In the embodiment
shown there is an upper tray 25 which may be made of
a suitable substantially rigid material such as plastic
having a smooth upper surface that is wettable. The
upper surface of the tray 25 is directly covered by the
capillary sheet 26 which ordinarily has the same lateral
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dimensions as the bottom of the tray 25. As shown the
under wettable surface of the capillary sheet is in face-
to-face unbonded contact with the upper smooth wetta-
ble surface of the slab that forms the bottom of the tray
25. A small reservoir 27 is provided which contains

‘water 28 which preferably is fed into the interface be-

tween the capillary sheet and the surface of the tray
through one or more leader tubes 29 which preferably
are of such small internal diameter as to feed the water
in a gradual manner into the interface for lateral capil-
lary distribution throughout. Alternatively the water
from reservoir 28 may be gradually fed onto the upper
surface of the capillary sheet so as to be discharged
underneath the container 27 or other object resting on
top of the capillary sheet for capillary travel down into
the interface where it becomes laterally distributed.

The upper tray 25 is supported by the lower tray 30
so that the bottom of the upper tray is in adjacent
spaced relation to the upper surface of the lower tray 30
by the legs 31 protruding from the bottom of the upper
tray 25. There 1s a drain opening 32 in the bottom of the
upper tray through which any excess aqueous liquid
may drain so as to accumulate and thereby provide a
reservoir of liquid 33 which is stored in the bottom of
the lower tray. In order that the liquid that is drained
into the lower tray may be utilized by plants being
grown while supported by the upper tray, a wick ex-
tends from adjacent the upper surface of the lower tray
through the drain opening 32 and into the interface
between the capillary sheet and the upper surface of the
bottom of the upper tray. In the embodiment shown this
wicking action 1s provided by a tube 34 of the silica sand
catalyst sheet which per se is shown in FIG. 8. While
the wicking action of the silica sand catalyst sheet is
preferred for the reasons hereinabove mentioned, other
wick materials may be used for the purpose described.
When the duplex support tray is provided in the manner
described, water will be directed from the reservoir 27
into the interface between the upper surface of the bot-
tom of the upper tray and the lower surface of the capil-
lary sheet and after the water in the reservoir 27 has
been exhausted the moisture in the region of the inter-
face will continue to be supplied by capillary action
from the liquid 33 that has drained into the lower tray'
until this liquid likewise has been exhausted.

The types of plant containers hereinabove referred to
are shown in FIG. 3. The container 35 1s illustrative of
a container which is provided with a flat bottom for
making contact substantially throughout with the capil-
lary sheet. When the container is made in this way a
wick may be dispensed with. Preferably the flat bottom
container that is used without any wick is made with
openings in the bottom that are somewhat larger than
those in the bottom of a conventional plant container.
The opening may be provided in various ways. FIG. 6
1s 1llustrative of suitable openings in the bottom of a
plant container. Preferably the total area that is open is
at least about 30% and preferably 40% of the total area
of the bottom of the container. While it is preferable
that the openings be somewhat larger than conven-
tional, plant containers having bottom openings of con-
ventional size also may be employed with excellent
results provided the container bottom is flat so as to
make contact substantially throughout with the upper
surface of the capillary sheet. When a flat bottom con-
tainer is used without any wick it normally is desirable
to initially jar the soil in the container down slightly so
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as to assure close prommlty to the upper surface of the
capillary sheet.

" The container 36 in FIG 3 1s s of the type whlch has
protuberancas 37 from the bottom and when this type of
plant container is-used the w:ckmg action into the soil in 5
~ the plant container can be provided by.a wick 41 (see
also FIG. 7) which makes contact with the. c:aplllary |
sheet and extends upwardly from.an opening in the
bottom of the container into soil within the container.

Preferably the wicking action is provided by a strip of 10 _

the silica sand catalyst sheet which has ears 42 posi-
tioned so that the silica sand coating is in contact with
the upper surface of the caplllary sheet. |
When a duplex tray is employed, as illustrated in
FIG. 1, it is convenient that a portion of the lower tray 15
extend slightly beyond one margin of the upper tray as
indicated at 38 so that one may readily observe whether
or not any aqueous liquid is present in the lower tray.
FIG. 4 is illustrative of an additional embodiment of

the duplex tray shown in FIG. 3 wherein the different 20

portions are indicated by like reference characters. In
this modification a sheet of essentially continuous wet-
table plastic 39 is initially spread over the bottom bed of
the upper tray and the water is fed into the interface
between the upper surface of the continuous plastic 25
sheet and the lower surface of the overlying capillary
sheet. This embodiment of the invention is merely
shown for the purpose of indicating that the duplex tray
embodiment of the invention does not necessarily re-
quire that the capillary sheet rest on the upper surface of 30
the rigid bottom bed of the upper tray. When the upper
surface of the rigid bottom bed is smooth and wettable,
then the plastic sheet 39 preferably is omitted. How-
ever, there may be circumstances such that the presence
of the plastic sheet 39 may be desirable. In this connec-
tion it may be added that if in a larger installation appro-
priate for use in the greenhouse the upper surface of the
rigid support bed is sufficiently regular and is suffi-
ciently wettable, the plastic sheet 12 shown in FIGS. 1
and 2 may be omitted and water may be fed into the 40
interface that is formed between the upper surface of
the underlylng bed and the overlying capillary sheet.
However, in most greenhouse installations the support-
ing bed, is made of material such as plywood that is -
excessively absorptive and therefore interferes with the 45
lateral travel of the water underneath the capillary
sheet. The surface that directly underlies the capillary
sheet should, in the practice of this invention, be sub-
stantially impervious and this also applies to the capil-
lary sheet itself except for the caplllary openings
therein. In the embodiment shown in FIG. 4, water
from the reservoir 33 may be drawn up into the region
of the interface between the upper surface of the contin-
uous plastic sheet 39 and the undersurface of the capil-
lary sheet 26 by a suitable wick which preferably is
afforded by a tube of the silica sand catalyst sheet that is
similar to that shown in FIG. 8 with the ears 43 in the
region of the interface occuring so as to directly under-
lie the capillary sheet.

While it is not normal practice, one may gain the
advantage of the duplex tray feature of this invention by
substituting for the plastic sheet 39 a silica sand catalyst
sheet as hereinabove described which has the surface
presenting the silica sand layer in face-to-face contact-
ing relation with the underside of the overlying capil-
lary sheet as also is described in my U.S. Pat. No.
4,001,968. This embodiment of this invention is men-

tioned for. the purpose of illustrating the fact that the
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invention of my prior patent can lend itself to use with
a duplex tray for the purposes herein described. How-

‘ever, when the duplex tray is employed it is preferable

in the interest of economy and convenience to employ
the embodiment of this invention shown in FIG. 3
wherein the underside of the capillary sheet directly
overlies the upper surface of the substantially rigid
wettable slab which forms the bottom of the upper tray.
The container 44 of FIG. 4 is snmlar to the contamer 36
of FIG.3.

The duplex tray combination shown in FIG. 5 is
similar to that of FIG. 3 and like parts are indicated by
like reference characters. The embodiment of FIG. §is
illustrative of the preferred practice of this invention
wherein a plurality of layers of the capillary sheet is
used. In FIG. § the additional capillary sheet 45 under-
lies the uppermost capillary sheet 26 and overlies in
directly contacting relation to the upper surface of the
bottom of the tray. One also may employ more than two
layers of the capillary sheet. The use of a plurality of
layers of the capillary sheet is especially desirable in the
case of plants that are left in the same position resting on
the upper surface of the uppermost capillary sheet for a
substantial period of time such as in the growing of
tomato plants or bringing young flowering plants to
maturity. Accordingly, it is to be understood that the
term “‘capillary sheet” as used herein and in the claims
has application not only to a single capillary sheet but
also to a capillary sheet in the form of a plurality of
unbonded contacting layers of single or individual plas-
tic sheets having capillary openings therein as herein-
above described. In FIG. § the container 47 1s a flat
bottom container similar to container 35 shown in FIG.
3. The pattern and dimensions in the openings in the
bottom of the flat container 47 are shown in FIG. 6.
Particularly when a container having a flat bottom is
used some roots of the plant growing in the container in
seeking water extend into and spread out laterally in the
interface underlying the capillary sheet. This is benefi-
cial in facilitating what is regarded as a plant respiratory
action wherein water containing nutrients is taken up by
the plant roots while a certain amount of water from
which nutrients have been removed which contain
plant excrement is carried away. Different plant variet-
ies have different patterns as regards root depth and by
employing a plurality of capillary sheets conditions are
made more favorable with a greater range for growing
plants to select preferred root depth. It would not be

inconsistent with the practice of this invention when

using an embodiment of this invention comprising a

plurality of overlying capillary sheets to replace one of

the capillary sheets other than the topmost sheet with a
sheet of felt or other wetable water absorptive material.
The embodiment of FIG. § may be provided with a
drain having a silica sand wicking tube 34 therein (not
shown) in corrcspondence with the drain 32 and silica
sand wicking tube shown in FIG. 3.

A further duplex tray embodiment of this invention is
shown in FIG. 9. The upper tray 48 and the lower tray
49 are identical. Each has an upstanding border rim 50
and a downwardly extending continuous or discontinu-
ous strip 51 positioned and dimensioned so that the
upper tray may be stacked above the lower tray with
the bottom strip 51 of the upper tray contacting the
upper surface of the lower tray and with the undersur-
face of the upper tray spaced substantially from the
upper surface of the lower tray. Adjacent each end of
the upper tray there is a drain opening 52. The upper
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surface of the upper tray 1S wattable and is covered over

by two of the wetable caplllary sheets 53 and 54, respec-

tively. Water from the reservoir 55 is fed gradually by .
the feeder tube 56 Wthh dlscharges underneath 'the

bottom of the reservoir 55 and the upper surface of the
capillary sheet 53 upon which ‘the reservoir 55 rests

whereby water is carried into the interface between the,

capillary sheet and the interface between the undersur-
face of the capillary sheet 54 and the upper wettable
surface of the upper tray 48 for spreading by capillary
action to the area of the upper capillary sheet 53 upon
which the plant container 57 rests. FIG. 9 illustrates the
optional employment of a preformed ‘wettable water
absorptive sheet material 61 such as felt between the
bottom of the plant container 57 and the upper surface
of the capillary sheet 53 thereby facilitating capillary
travel of water into the soil in the container 57 from the
upper surface of the capillary sheet 53. While the use of
such a sheet of water absorptive material is within the
practice of this invention, excellent results are obtamed
without it and usuvally it is not used. |
Any excess of water from the reservoir 53 will drain
through one or both of the drain openings 52 and accu-
mulates in the lower tray. In FIG. 9 an-alternative expe-
dient is shown for accomplishing return flow by capil-
lary action from water in the lower-tray to the capiilary
interface provided by the capillary sheets 53 and 54 on
the upper tray after flow from the reservoir 55 has
ceased. Accordmg to this embodiment a portion of the
drain opening 52 and of the surface of strip 51 that is
continuous therewith is provided with a capillary silica
and layer 58 by applying a conventional adhesive that is
sticky before drying is complete and applying to it
while sticky ‘a dusting of silica sand so as to adhere and
provide a capillary surface essentially corresponding
with that of the silica sand catalyst sheet hereinabove
mentioned. The capillary sand layer also is extended at
59 so as to‘underlie the capillary sheet on the upper‘tray.
While the caplllary action of the adherent silica sand
coating is utilized in one form of wmkmg material by
which return flow of water is accomplished from the
lower tray to the interface between the capillary sheets
used to the interface between the lower capillary sheet
and the surface of the upper tray, said interfaces are
effective in obtaining continued travel by capillary ac-
tion to any area of the uppermost capillary sheet that is
under a plant container even though the wettable sur-
faces' presented at 'said interfaces are substantially
smooth as contrasted with a surface such as silica sand
that in and of itself is effective to induce capillary travel.
The number of plant containers that may be supported
by a given duplex tray is limited only by the relative
dimensions of the tray’ and of the container.

L

The water that is fed in for subirrigation may, 1if de-’

sired, have a small amount of-a.plant nutrient therein.

Alternatively, as illustrated in FIG. 9, partlcles 60 of
slow release fertilizer may be distributed in appropnate

amount in the capillary interface or interfaces prowded |

by the capillary sheet. They also may be employed in a
similar manner in connection with the other embodl-
ments of this invention descnbed hereln |
What is claimed is: | S
1. In a method of irrigating with an aqueous hquld
soil within a plant container through an opening in the
bottom thereof that rests on a capillary sheet havmg

0.145 inch in diameter by capillary travel upwardly
through said capillary openings and said opening in the
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bottom of said container, the 1mprovem&nt of Wthh
comprises feeding water into. the interface between an
undersurface of said caplllary sheet that i is wettable’ and

that'is in face-to-face unbonded contactlng relation with

an essentially continuous and substantlally smooth wet-
table upper surface presented by a support bed for said
plant’ contamer ‘with attendant latcral spreading while
confinedin said mterface to an area of said’ caplllary
sheet underneath a plant container the bottom of which
is in contacting relation with the upper surface of said
caplllary sheet and with‘further travel through caplllary
openings in said area of the capillary sheet and thence

‘through said Opemng in the bottom of the plant con-

tainer and into’soil within the container.

2. A method according to claim 1 wherein said sur-
face presented by said support bed is presented by a
sheet of plastic that overlies a substantially rigid slab

 that is comprised in the support bed and that presents a

substantially flat upper surface.

3. A method dccording to claim 1 wherein the surface
presented by said 'support bed is'a suhstantlally flat
upper surface presented by a substantlally rlgld slab
compnsed in the support bed. ' - |

‘4. A method according to claim 1 wherein the cap1]-
lary sheet is in“the-form of a plurality of unbonded
contactmg layers of individual capillary sheets.

5. A method according to claim ‘1 wherein the plant
container presents a substantially flat bottom surface n

contact with the capillary sheet. | SRR

6. A method according to clalm 5 wherein at least
30% of the area of said flat bottom surface is open.

7. A method according to claim 1 wherein' the up<,
ward travel of water from the upper surface of ‘the
capillary sheet through the opening inthe'bottom of the
container is assisted by a wick’that-contacts said uPber
surface of the capillary sheet -and that -traverses' said
opening in the bottom of the container and extends a
substantial dlstance upwardly Into sc.ul w1th1n the con-
tainer. | : A

- 8. A 'method according to claim 7 wherem said ‘wick
is in the form of a silica sand catalyst sheet the silica
sand surface of which is doubled or sanded on both
sides for contact with the upper surface of the caplllary_
sheet and soil in the container.- | T

9. ‘A method according to clalm 1 wherem the' up- |
ward travel of water from thé upper surface of the
capillary sheet through the opening in the bottom of the
container assisted by an interposed sheet’ of porous
water absorptive material bétween'the upper surface of
the capillary sheet and the bottom surface of the con-
10. A method accordlng to claim 1 wherein plant
nutrient is supplied by distributing a slow release fertil-
izer in said interface for dissolution in water durmg lts
travel to soil in said container. - - |

11.°In a soil irrigation’ system for supplymg an aque-
ous llquld to a plant rooted in soil in a container having
an opening in its bottom which comprises a support bed
for said container presenting a substantially flat wetta-
ble upper surface, a capillary sheet which has a ‘wettable |
undersurface, which has a multiplicity ‘of' caplllary‘_
openings therein from about 0. 045 to about 0. 145 inchin

- diameter, and which is spread over said surf‘aca pres-

65
capillary opemngs therein that are about 0.045 to about

ented by said . support bed in unbonded face-to face
contacting relation and means for feedmg water into the
interface between the undersurface of said cap:llary':
sheet and said uppér surface presented by said suppurt
bed, the improvement in that said surface that is pres-
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ented by said support bed and that is in face-to-face
contacting relation with the undersurface of said capil-
lary sheet is an essentially continuous and substantially
smooth wetable surface.

12. A soil irrigation system according to claim 11
wherein said upper surface presented by said support
bed is the surface of an essentially continuous sheet of
wettable plastic that overlies and is supported by a
substantially flat upper surface of a substantially rigid
~slab comprised in the support bed.

13. A soil irrigation system according to claim 11
wherein the essentially continuous and substantially
smooth surface which is presented by said support bed
and with which the undersurface of the capillary sheet
is in face-to-face contact is the surface of a substantially
rigid slab comprised in the support bed.

14. A soil irrigation system according to claim 11
wherein said capillary sheet is opaque.

15. A soil irrigation system according to claim 11
wherein said capillary sheet is in the form of a plurality
of unbonded contacting layers of individual capillary
sheets.

16. A duplex supporting tray for supporting plants
growing in containers having a drain opening in the
bottom thereof which comprises a first substantially
horizontaily disposed and substantially rigid tray which
is adapted to support one or more of said containers
thereon and which presents a substantially smooth and
- continuous flat upper surface that is wettable, a capil-
lary sheet which has a multiplicity of capillary openings
therein about 0.045 to about 0.145 inch in diameter, the
undersurface of which is wettable and is in face-to-face
unbonded contact with said surface of said tray and
which is disposed for making direct contact with the
bottom of said container, a second substantially rigid
tray disposed underneath said first tray and adapted to
contain therein a body of water, means interposed be-
tween said first and second trays for supporting said
first tray by said second tray with the underside of said
first tray in proximate spaced relation to the upper sur-
face of said second tray, and capillary wick means for
feeding water in said second tray into the interface
between the undersurface of said capillary sheet and the
upper surface presented by said first tray.

17. A duplex tray according to claim 16 which also
comprises means for feeding water from a source other
than water in said second tray into said interface and
means for draining liquid so fed into said interface from
said inferface into said second tray.

18. A duplex tray according to claim 16 wherein said
upper surface presented by said first tray is the upper
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surface of an essentially continuous plastic sheet that 1s
supported by said first tray.

19. A duplex tray according to claim 16 wherein said
upper surface presented by said first tray is the surface
of a substantially rigid slab that is comprised in said first
tray.

20. A duplex tray according to claim 16 wherein a
portion of the second tray projects beyond a portion of
the periphery of the first tray for enabling ready obser-
vation of the presence of water in said second tray.

21. A duplex tray according to claim 16 wherein said
capillary sheet is in the form of a plurality of unbonded
contacting layers of individual capillary sheets.

22. A soil irrigation system for supplying water to soil
in a container for growing a plant by capillary travel
upwardly into said soil through an opening in the bot-
tom of said container which system comprises a support
bed adapted to support one or more of said containers
that presents a substantially smooth and level water
impervious wettable upper surface, a capillary sheet
disposed in overlying relation with respect to said sur-
face the undersurface of which is wettable and is in
face-to-face unbonded relation with respect to said
upper surface presented by said support bed and the
upper surface of which is disposed for making contact
with a container placed thereon, means for feeding
water into the interface between said surface and said
capillary sheet, means for draining excess water from
the region of said interface and directing it into a reser-
voir situated below the level of said support bed and
means for removing water from said reservoir and re-
turning it into said interface, said capillary sheet having
a multiplicity of substantially evenly spaced capillary
openings therein that are essentially from about 0.05 to
about 0.145 inch in diameter.

23. A soil irrigation system according to claim 22
wherein said means for supplying water into said inter-
face comprises a supply reservoir situated above the
level of said support bed and means for directing water
from said supply reservoir into said interface and
wherein said means for removing water from said reser-
voir below the level of said support bed and returning 1t
into said interface comprises means for pumping water
removed from said reservoir situated below the level of
said support bed and directing the so pumped water into
said supply reservoir. .

24. A soil irrigation system accordmg to claim 22
wherein said means for removing water from said reser-
voir and returning it to said interface comprises wick
means extending from adjacent the bottom of said reser-

voir into the region of said interface.
x % %X *x %
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